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Abstract
Previous studies have shown that pretreatment with naloxone (Nlx), an opiate antagonist, attenuates the
stimulating effect of ethanol. The purpose of the present study was to determine the influence of Nlx on the
development and expression of the sensitization to ethanol. Initially, effects of different doses of Nlx on the
response to a low dose of ethanol (2.0 g}kg) were assessed. Nlx (1.0 and 3.0 mg}kg i.p.) decreased the
stimulating effect of ethanol. Groups of mice were treated with saline or Nlx (1.0 mg}kg i.p.) plus saline or
ethanol (2.0 g}kg i.p.) during 21 d. On day 25 of treatment all animals received an ethanol challenge (2.0 g}kg
i.p.). It significantly increased the locomotor activity of mice that had received chronic ethanol (2.0 g}kg) once
daily as compared to those that had received saline. Chronic administration of Nlx (1.0 mg}kg i.p.), during the
same period of time, did not change the locomotor activity of the mice. However, the group concomitantly
treated with Nlx›ethanol did not develop sensitization to the locomotor-activating effect of ethanol. Another
experiment was carried out to determine the effects of Nlx on the expression of sensitization to ethanol. Acute
pretreatment with Nlx did not change the response of the mice that had developed sensitization to ethanol.
These data show Nlx’s prevention of the development of ethanol-induced sensitization but not of its
expression, suggesting an important role of the opioid neurotransmitter systems modulating the development
of sensitization to the locomotor-activating effect of ethanol.
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Introduction
Ethanol exerts both depressant and stimulant effects on
locomotor activity in rodents. Low doses of ethanol
increase the locomotor activity in mice while high doses
decrease it (Masur and Boerngen, 1980). Several in-
vestigations have demonstrated that repeated adminis-
tration of low doses of ethanol elicits sensitization to
its behavioural effects (Broadbent and Harless, 1999 ;
Camarini et al., 1995, 2000 ; Lessov and Phillips, 1998 ;
Phillips et al., 1995). This phenomenon has been im-
plicated in the development of drug addiction or craving
(Hunt and Lands, 1992).
Many studies have been conducted to understand the
neural mechanisms underlying behavioural sensitization
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to classic psychostimulant drugs, such as amphetamine
and cocaine (see Kalivas et al., 1993 for review; Pierce and
Kalivas, 1997 ; Yamamoto et al., 1999), most of them
concentrating on the mesolimbic dopamine system
(Kalivas and Stewart, 1991). However, few studies have
examined the possible neural systems involved in sensi-
tization to ethanol (Broadbent et al., 1995, 1999 ; Camarini
et al., 2000), none of them focusing on the opioid system.
Interestingly, opioid antagonists have been shown to
inhibit the sensitization induced by amphetamine and
cocaine (Balcells-Olivero and Vezina, 1997 ; Diaz-Otanez
et al., 1997 ; Heidbreder et al., 1996). Heidbreder et al.
(1996) found that naltrindole blocked the development
but not expression of sensitization to the locomotor-
activating effects of cocaine, indicating an involvement of
d-opioid receptors in the development but not expression
of behavioural sensitization to cocaine. Naltrexone pre-
vented the development of sensitization to amphetamine-
induced effects on motor activity (Diaz-Otanez et al.,
1997).
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Opioid systems are involved in some of ethanol’s
effects. Both the stimulant and depressant effects of
ethanol are antagonized by naloxone (Nlx), an opiate
antagonist (Prunell et al., 1987). Ethanol ingestion pro-
duces tetrahydroisoquinolines as metabolites, compounds
similar to opiates (Davis and Walsh, 1970). Furthermore,
ethanol consumption is potentiated by morphine while
Nlx reduces it (Hubbell et al., 1986). Clinical studies have
suggested that opioid antagonists such as naltrexone and
nalmefene prevent relapse to heavy drinking in alcohol-
dependent patients (Mason et al., 1999 ; Volpicelli et al.,
1992).
The present study was undertaken to examine the
influence of Nlx on the acute effect of a low dose of
ethanol and to evaluate the capability of Nlx to prevent or
block either the development or expression of sensiti-
zation to ethanol. Three experiments were conducted.
The aims of the Experiment 1 were to test acute effects of
ethanol alone, Nlx alone and whether acute Nlx abolishes
acute effects of ethanol. Experiment 2 was carried out to
test chronic effects of ethanol alone, Nlx alone and
whether chronic and concomitant administration of Nlx
modifies the effects of ethanol. Experiment 3 was run to
examine acute effects of Nlx on animals chronically
treated with ethanol.
Materials and methods
Animals
Three-month-old Swiss male mice weighing 30–40 g
were obtained from our own colony. Animals were kept
on a 12 h light–dark cycle (lights on at 07 :00 hours) with
free access to food and water and maintained in a
temperature-controlled room (25‡2 °C).
Apparatus
The spontaneous locomotor activity of each animal was
measured in wooden chambers with a floor made of metal
bars, measuring 40 (length)‹26 (width)‹20 (height) cm.
The chambers contain 3 photocells located at the bottom
of the box to detect horizontal movements. The number
of light-beam interruptions were cumulatively recorded
over a period of 60 min.
Ethanol solution and drugs
Ethanol (Merck, S.A.) was administered as a 15% v}v
solution diluted with saline at a dose of 2.0 g}kg
intraperitoneally (i.p.). Nlx was dissolved in 0.9% saline
and injected i.p. at a dose of 1.0 mg}kg (in a volume
of 10 ml}kg) for the chronic experiments. The dose–
response curve was constructed using 0, 0.3, 1.0 and
3.0 mg}kg Nlx.
Procedure
The experiments were performed in accordance with
‘ International Guiding Principles for Biomedical Research
Involving Animals ’ (Council of International Organi-
zation of Medical Sciences, Geneva, 1985). Three experi-
ments were designed to verify the influence of Nlx upon
the locomotor activity produced by ethanol and the
sensitization to this drug after repeated administration.
The effects of single doses of Nlx on the locomotor
activity of mice acutely treated with either ethanol or
saline were assessed in the acute experiment (Experiment
1). Mice were allocated randomly to 8 groups of 10
animals each and injected with either saline or ethanol
(2.0 g}kg) 30 min after saline, 0.3, 1.0 or 3.0 mg}kg Nlx,
respectively. Immediately after the second injection each
animal was individually placed in the activity chamber for
60 min period.
Experiment 2 was performed to examine the effects of
Nlx on the development of sensitization to ethanol. Four
groups of mice (14–15 animals}group) were treated with
either saline or Nlx (1.0 mg}kg) 30 min prior to an
injection of saline or ethanol (2.0 g}kg) for a period of
21 d (groups Sal}Sal, Nlx}Sal, Sal}EtOH, Nlx}EtOH).
From days 22–24 the animals received saline (groups
Sal}Sal, Nlx}Sal) or 2.0 g}kg ethanol (groups Sal}EtOH,
Nlx}EtOH) without Nlx. On day 25, all animals were
challenged with 2.0 g}kg ethanol. Locomotor activity
was measured for 60 min on days 1, 7, 14, 21 and 25 of
treatment immediately after the injection of saline or
ethanol.
In an additional set of experiments (Experiment 3), we
tested the effects of Nlx on the expression of sensitization
to ethanol. Four groups of 10 animals each were treated
with saline followed by either saline (2 groups) or
2.0 g}kg ethanol (2 groups) for 21 d. On day 22, saline-
pretreated animals received either saline or Nlx
(1.0 mg}kg) 30 min prior to 2.0 g}kg ethanol or saline,
respectively. Ethanol-pretreated animals received either
saline or Nlx (1.0 mg}kg) 30 min prior to 2.0 g}kg
ethanol. The locomotor activity of all animals was
measured immediately after the last saline or ethanol
injection for 60 min.
Animals were habituated to the activity chambers for a
total of 7 d, 1 wk prior to the beginning of the experiment,
in order to minimize the habituation across trials. Since the
design of the experiment required the animals ’ exposure
to the apparatus on 5 occasions, we tried to avoid an
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Figure 1. Effects of different doses of naloxone on the locomotor activity of mice acutely treated with saline or ethanol. Mice
received naloxone (0.3–3.0 mg}kg i.p.) or saline 30 min prior to ethanol (2.0 g}kg) or saline. Values are reported as mean‡s.e.m.
(nfl 10 animals}group). * Differs from the saline group ; ›, differs from the respective control group without naloxone ; ››,
differs from the ethanol›0.3 and 1.0 mg}kg naloxone
eventual habituation of the animals during the experiment
which might have impaired the interpretation of the
results. During the chronic experiments, the mice received
the injections daily (starting at 10 :00 hours) in the same
environment in which they were tested and were then
returned to the colony room.
Statistical analysis
All data are expressed as mean‡s.e.m. Statistical com-
parisons were made by analysis of variance or repeated
measures analysis of variance (for within-group com-
parisons), followed by the Tukey tests for post-hoc
comparisons, with the level of significance set at p! 0.05.
Statistical tests were conducted with Systat v. 7.0.1 for
Windows and SigmaStat v. 2.0 programs (PC version).
Results
The effects of different Nlx doses on the locomotor
activity of mice acutely treated with ethanol or saline are
shown in Figure 1. A two-way ANOVA (Nlx‹ethanol)
revealed a main effect of Nlx [F(3,79)fl 13.0, p! 0.01], a
main effect of ethanol [F(1,79)fl 13.6, p! 0.05] and a
significant interaction [F(3,79)fl 4.3, p! 0.05]. Follow-
up 1-way ANOVA performed for the saline groups did
not show any effect of Nlx on the locomotor activity
[F(3,39)fl 3.0, p" 0.05]. However, a one-way ANOVA
made for the ethanol groups indicated a main effect
among the groups [F(3,39)fl 12.8, p! 0.01]. Tukey tests
showed that those animals pretreated with either 1.0 or
3.0 mg}kg Nlx 30 min prior to ethanol presented a
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Figure 2. Locomotor activity of mice treated with saline or
naloxone (1.0 mg}kg) 30 min prior to saline or ethanol
(2.0 g}kg) for a period of 21 d. Values are reported as
mean‡s.e.m. (nfl 14–15 animals}group). * Differs from
Sal}Sal group ; ›, differs from at least the day 1 response
within the same group
decrease in locomotor activity compared to animals
pretreated with saline. Tukey tests also demonstrated that
the ethanol › saline group (without Nlx) differed from
the saline›saline group (without Nlx), indicating a
stimulant effect of the ethanol dose used.
The effects of Nlx on the development of sensitization
to the stimulant effect of ethanol are shown in Figures 2
and 3. The full factorial design was analysed as Nlx
dose‹ethanol dose‹time ANOVA. A three-way
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Figure 3. Effects of a challenge ethanol injection (2.0 g}kg)
on locomotor activity of mice pretreated with saline, ethanol
(2.0 g}kg), naloxone (1.0 mg}kg) or naloxone (1.0 mg}kg)
›ethanol (2.0 g}kg). Values are reported as mean›s.e.m.
(nfl 14–15 animals}group). * Differs from the group
pretreated with saline and challenged with ethanol ;
 differs from the group pretreated concomitantly with
naloxone›ethanol.
ANOVA (Nlx‹ethanol‹time) demonstrated a main
effect of Nlx [F(1,54)fl 12.0, p! 0.01], a main effect of
ethanol [F(1,54)fl 29.4, p! 0.01], and a significant
interaction [F(1,54)fl 15.9, p! 0.01], a main effect of
time [F(3,162)fl 3.6, p! 0.05], a significant Nlx‹time
interaction [F(3,162)fl 10.1, p! 0.01], an ethanol‹time
interaction [F(3,162)fl 5.8, p! 0.01], and a significant
Nlx‹ethanol‹time interaction [F(3,162)fl 17.5, p!
0.01].
Analysis of the data from day 1 in a two-way ANOVA
(Nlx‹ethanol) revealed a main effect of ethanol [F(1,54)
fl 7.6, p! 0.01], a Nlx‹ethanol interaction [F(1,54)fl
5.5, p! 0.05], but no effect of Nlx [F(1,54)fl 0.04, p"
0.05]. Tukey tests demonstrated that the Sal}EtOH group
had a significantly higher locomotor activity compared to
the Sal}Sal group, confirming the stimulating effect of the
dose used.
Follow-up analysis of each group in separate one-way
ANOVAs for repeated measures revealed no effect of
time in the Sal}Sal group [F(3, 59)fl 0.10, p" 0.05] but
a main effect of time in the Sal}EtOH group [F(3,59)fl
33.3, p! 0.01], indicating development of within-group
sensitization to ethanol ; a main effect of time in the
Nlx}Sal group [F(3,55)fl 20.0, p! 0.01] ; and a main
effect of time in the Nlx}EtOH group [F(3,55)fl 8.2, p!
0.01], suggesting a depressive effect of Nlx on the
locomotor activity during the course of treatment. Tukey
tests confirmed that the locomotor activity of the
Sal}EtOH group increased progressively during the
course of the treatment. Tukey tests also indicated that
locomotor activity of the Nlx}EtOH group decreased
on day 21 compared to days 1, 7 and 14. Same tests
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Figure 4. Locomotor activity of mice pretreated with saline
or ethanol (2.0 g}kg) for a period of 21 d and challenged with
ethanol (2.0 g}kg) or naloxone (1.0 mg}kg). Values are
reported as mean‡s.e.m. (nfl 10 animals}group). * Differs
from saline group challenged with ethanol
conducted for the Nlx}Sal group showed that Nlx
pretreatment decreased the locomotor activity of saline-
treated animals on day 7 of treatment as compared to day
1.
Analysis of the data from day 25 in a two-way
ANOVA (Nlx‹ethanol) revealed a main effect of Nlx
[F(1,54)fl 32.5, p! 0.01], a main effect of ethanol [F(1,54)
fl 14.8, p! 0.01] and a significant interaction [F(1,54)fl
16.9, p! 0.01]. Tukey tests demonstrated that the
Sal}EtOH (chronic ethanol) group presented a higher
locomotor activity compared to Sal}Sal (acute ethanol)
group, confirming development of between-group sensi-
tization. However, animals treated concomitantly with
Nlx and ethanol (Nlx}EtOH) presented a lower locomotor
activity compared to animals receiving ethanol alone
(Sal}EtOH) and similar locomotor acitivity to the acute
ethanol group (Sal}Sal), suggesting that Nlx prevented
the development of sensitization (Figure 3).
The effects of Nlx on the expression of sensitization to
ethanol are shown in Figure 4. A two-way ANOVA
performed for the factors pretreatment (saline or
ethanol)‹test (saline or Nlx) revealed a main effect of
pretreatment [F(1,36)fl 14.8, p! 0.05], a main effect of
the test [F(1,36)fl 17.5, p! 0.01], but no interaction
[F(1,36)fl 0.45, p" 0.05]. Tukey tests indicated a sig-
nificant difference between the acute and the chronic
ethanol groups, indicating development of sensitization.
However, no ethanol‹Nlx interaction was found, sug-
gesting that Nlx did not alter the expression of sensi-
tization to ethanol.
Discussion
The dose–response curves illustrate the effects of single
doses of Nlx in locomotor effects induced by a single dose
of ethanol. Ethanol 2.0 g}kg alone induced an increase in
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spontaneous locomotor activity that was antagonized by
1.0 and 3.0 mg}kg Nlx. Naloxone did not modify the
locomotor activity of saline-treated mice. The effects of
Nlx on behavioural changes induced by ethanol have
been highly variable and dose-dependent, with reports of
decrease or no alteration (Alvarez et al., 1998 ; Prunell et
al., 1987).
The present study (Experiment 2) showed that 2.0 g}kg
ethanol increased the locomotor activity of mice when
compared to saline controls, suggesting that the dose
used was a stimulant. Chronic 2.0 g}kg ethanol pro-
gressively increased the mice locomotor activity across
the treatment as compared to day 1, indicating de-
velopment of sensitization to the stimulating effect of
ethanol. A single dose of Nlx alone did not change mice
locomotor activity on day 1 of treatment, but significantly
decreased the mice locomotor activity after 7 injections,
returning to normal levels on days 14 and 21. Moreover,
mice treated concomitantly with Nlx and ethanol dis-
played a decreased locomotor activity on day 21. It seems
that repeated treatment with Nlx may induce a decreased
locomotor activity along the treatment.
From days 22 to 24 ethanol-treated groups received
only ethanol without Nlx and saline-treated groups
received only saline. On day 25 all groups were
challenged with 2.0 g}kg ethanol. We assume that there
was no residual effect of Nlx on day 25, since Sal}Sal and
Nlx}Sal groups had similar locomotor activity when
challenged with 2.0 g}kg ethanol. In this respect it is
interesting to point out that the locomotor activity mean
of the Nlx}EtOH group was 257.8 when Nlx was
administered together with ethanol (day 21), and 527.1
when this group received only ethanol (day 25). These
results reinforce the idea that repeated Nlx may cause a
depression on mice locomotor activity, but also that after
4 d of withdrawal no residual Nlx effect is found.
The present study also demonstrated that the group
treated concomitantly with ethanol plus Nlx (Nlx}EtOH)
displayed lower locomotor activity than the animals
receiving only ethanol (Sal}EtOH), and similar activity
compared to animals receiving an acute dose of ethanol
(Sal}Sal) on the challenge day (day 25). These results
suggest an Nlx blockade of the development of be-
havioural sensitization to ethanol.
The effects of Nlx on the expression of sensitization to
ethanol was analysed after the administration of a single
1.0 mg}kg Nlx injection in the 2.0 g}kg ethanol chronic-
ally treated mice. Statistical analysis showed a significant
difference between the acute and the chronic ethanol
groups, indicating development of sensitization. How-
ever, no ethanol‹Nlx interaction was found, suggesting
that Nlx did not alter the expression of sensitization to
ethanol.
In spite of the strong evidence for the involvement of
the dopaminergic system in behavioural sensitization, it is
plausible to assume that other neurotransmitter systems
may also exert an influence on this phenomenon. It has
been proposed a model for the modulation of mesolimbic
dopaminergic A10 neurons by the opioid system, where-
by these A10 neurons in the ventral tegmental area (VTA)
would be stimulated by the l-opioid system via inhibition
of GABAergic interneurons and the release of dopamine
in the nucleus accumbens (Nacc) inhibited by the j-opioid
system (Di Chiara and North, 1992 ; Spanagel, 1995).
The present study confirms the hypothesis that manipu-
lations of the opioid system might modify the behavioural
sensitization induced by ethanol. Indeed, our results are in
agreement with studies reporting that d- and l-opioid
receptor antagonists (naltrindole and naltrexone) inhibited
the development of cocaine-, amphetamine- and mor-
phine-induced sensitization (Balcells-Olivero and Vezina,
1997 ; Heidbreder et al., 1996 ; Spanagel, 1995). Interest-
ingly, it was found that Nlx blocked ambulation and
rearing induced by amphetamine (Hitzemann et al., 1982),
but naltrexone blocked only rearing induced by acute or
chronic amphetamine administration without changing
locomotion (Balcells-Olivero and Vezina, 1997). Accord-
ing to these findings, it seems possible that locomotion is
a behaviour more sensitive to the effects of Nlx than to
other opioid antagonists. Furthermore, Nlx prevented the
sensitization to the conditioned rewarding effects of
morphine (Shippenberg et al., 1996). It is interesting to
note that Nlx, which has a slightly higher affinity for l-
than for d-opioid receptors (Takemori and Portoghese,
1984), blocked the development of sensitization to
ethanol but not its expression, in the present study.
As stated, dopamine neurons play an important role in
mediating the development of sensitization to psycho-
stimulant drugs, a phenomenon demonstrated in nu-
merous biochemical and pharmacological studies with
amphetamine and cocaine (for review see Kalivas et al.,
1993 ; Pierce and Kalivas, 1997). The main focus of the
studies on sensitization has been the mesoaccumbens
dopamine projection originating in the A10 neurons of
the VTA and}or A9 neurons of the substantia nigra and
projecting to the Nacc (Kalivas and Stewart, 1991). In
addition, it has been proposed that an activation of
dopamine cell bodies in the VTA would be necessary for
the development of sensitization while dopamine
terminals in Nacc would be responsible for its expression
(Cador et al., 1995 ; Kalivas, 1985 ; Vezina, 1996).
We could also propose that blockade of opioid
receptors might indirectly antagonize the locomotor-
activating properties of ethanol, which may depend on
the release of dopamine from the Nacc terminals. As a
consequence of locomotor activation inhibition, the
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opioid antagonists would prevent the behavioural sensi-
tization to ethanol.
Naltrexone has been used as an adjunctive treatment
for alcohol-dependent subjects, since it was shown to be
effective in preventing relapse of alcohol dependence
(Volpicelli et al., 1992). However, the mechanism(s) by
which opioid antagonists decrease the craving for alcohol
is not clear. We suggest that a possible mechanism could
be the capacity of these drugs to block the mechanisms
involved with the sensitization to ethanol.
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